FIELD experiment was conducted in the two successive winter seasons ( 2016-17 and 2017-18) to investigate the impact of cultivation method; dry cultivation ( dry seed on dry soil) and traditional one (wet seed on wet soil) and irrigation regime; five different irrigation regimes as follows, irrigation till 5 cm above soil surface, (traditional, I 1 ), using soil moisture depletion (I 2 ), irrigation with 0.8 from pan evaporation (I 3 ), irrigation with Hargreaves equation, 1981 (I 4 ) and irrigation till 2.5 cm above soil surface (I 5 ).
The obtained results showed that decreasing amount of irrigation water from traditional method (I 1 ) to 2.5 cm above soil surface (I 5 ) reduced fresh yield by 5.49 and 6.75 ton fed.
-1 with water saving ≈14.5% (≈ 336.0 m 3 fed.
-1 ,) for dry seeds cultivation method, and the corresponding values 4.87 and 7.34 ton fed.
-1 with water saving 10.75% (≈ 280.0 m 3 fed.
-1 ,) for wet cultivation one in the overall seasons. Meaningfully, an average of ≈ 700-840 million m 3 water could be saved at the national level (≈2.5 million fed.). Moreover, mean reduction in dry yield by 24.62 kg fed.
-1 , (6.35 %) and 13.00 kg fed -1 (3.51 %) could be resulted from dry cultivation method, and by 36.45 kg fed -1 (8.68 %) and 10.91 kg fed -1 (2.60 %) could be resulted from wet cultivation method in the first and second seasons respectively.
The highest overall mean values of water consumptive use (CU) and consumptive use efficiency (Ecu, %) were recorded irrigation without any stress during the growing season (I 1 ). Productivity of irrigation water ) and water productivity (WP kgm -3 ) for fresh yield was the highest values recorded under I 5 (the lowest water consumed) for dry and wet cultivation methods.
Introduction
Water is one of the most fundamental important inputs for the production of crops. Maximizing productivity of irrigation water by crops is the main issue in the agriculture sector to increase crop production in order to narrow the food gap. Water affects the achievement of crops not only directly but also indirectly by influencing the availability of nutrients, the timing of cultural operating….etc. The Egyptian water share from the main water source, River Nile, is limited by 55.5 x 10 9 m 3 year -1 , which is not enough to meet the water demands of all sectors. About 80-85% of the national water equipping is used in agricultural sector. Rationalize the use of irrigation water through maximizing productivity of irrigation water by crops becomes a must. Geerts and Raes (2009) investigate the concept of water productivity to be an important issue and warned that due to the current development policy adopted in the world, the pressure on water resources for food production will increase, and water consumption will reach 5.600 km 3 year -1 in 2050, represents three times the amount of water currently used for irrigation worldwide.
Crop-water requirements vary during the growing period, mainly due to variation in crop canopy and climatic conditions, and are governed by crop evapotranspiration (ET). Thus, an accurate
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Egyptian clover (Trifoliumalexandrinum L.) considers one of the most important leguminous forages in the Mediterranean region and Middle East, with a fast growth rate, high quality forage and very low bloating potential. Growing these legumes with grass improves the nutritive value and qualitative characteristics of the forage mixture compared with grass alone (Zemenchik et al., 2002) .
A fast-growing summer annual, Egyptian clover can produce high forage under irrigation. It's a heavy Nitrogen (N) producer and the least winter hardy of all true annual clovers. This makes it an ideal winter cover before all summer crops nitrogen-demanding crops. Berseem clover draws down soil N early in its cycle.
Irrigation water management could be achieved via a grate determination of the amount and timing of applied irrigation water in a planned and efficient manner. With good irrigation management, a Berseem hay crop can have high yield and quality potential. Berseem is a high water use forage crop because it generates a substantial amount of above ground biomass, and has a longer growing season comparing with other irrigated crops.
Water productivity points are also useful for looking at the potential increase in crop yield that may result from increased water availability (Singh et al., 2006) . Nyati (1996) suggested that the greatest benefit from limited water can be obtained from early application prior to all canopy cover. They provide a proper vision of where and when water could be saved.
Under water deficiency conditions, reduction of the cultivated area yielded higher water productivity values as compared to deficit irrigation (Vazifedoust 2008 ) Abbas et al. (1995) studied the impact of the planting method and the irrigation management (one, two and three irrigations between cuttings) on fresh and dry yield of berseem. The results revealed that the optimum yield was obtained from the two methods of planting, i.e. the ElLamaa method and the dry method with three irrigation between cuttings. In addition, El-Bably (2002) revealed that three irrigation between cuttings significantly increased fresh and dry yields, however, it decreased water use efficiency, indicated also water consumed values were 59.62, 48.98 and 37.98 cm, over both seasons, for three, two and one irrigation between cuttings treatments, respectively. Moreover, Kassab (2006) stated that dry cultivation is an effective method for irrigating Egyptian clover in North Nile Delta region as a result of saving an amount of irrigation water. Kassab et al., (2012) Din SI et al., (2014) found that the seed yield for Egyptian clover was severely reduced about 47% when the irrigation was decreased from ten to four waterings; this could be, because of flowers and head abscission under moisture stress. Shah Jahan Leghari et al., (2018) studied that irrigation with 15 days interval, 8 irrigations with 18 days interval and 4 irrigations with 21 days interval and found that 12 irrigations with 15 days interval produced significant green fodder and seed yield.
The main objectives for this current investigation are to determine the effect of different cultivation methods and the studied irrigation water regime on improving irrigation performance and optimizing water productivity, yield, some yield attributes and some water relations. Black (1965) and Jakson (1967) , respectively. Where, SO 4 was calculated by the difference between soluble cations and anions.
Materials and Methods

A field experiment was conducted at Sakha
Irrigation and drainage water was also analyzed and the obtained data are presented in Table 2 While, the climatological parameters during the studied period, were obtained from Sakha Agrometeorological Station. The parameters, include; air temperature (T.,C°), relative humidity (RH.,%), wind speed (U 2 ,km/day at 2 m height) and evaporation pan (Ep, mm). as tabulated in Table 3 Experimental design and treatments:
A field trial was conducted during the above mentioned seasons. The experimental design for this present work was a factorial; split plot design with three replications, involving two factors i.e. cultivation methods and irrigation regime. Main plots were assigned to the cultivation methods as follows:
A. Dry cultivation method (Dry seeds broadcasting over dry soil). B.Wet cultivation (presoaked seeds broadcasting over wet soil or traditional). The subplots were assigned to the irrigation regime as follows: 1: irrigation till 5.0 cm above soil surface (traditional), I 1 2: irrigation based on soil moisture depletion (SMD), I 2 3: irrigation with 0.8 pan evaporation (Ep), I 3 4: Irrigation according to Hargreaves et al., equation (1985) , I 4 ET 0 = 0.0023 Ra.TD0.5 (Ta +17.8) as: ET 0 = reference evapotranspiration, mm, Ra = extraterrestrial radiation TD = difference of temperature (Tmax -Tmin) Ta = mean temperature. 5: irrigation till 2.5 cm above soil, I 5 .
Irrigation water (I.W):
Applied water was controlled and measured by orifice with fixed dimension. The amount of water delivered through the spile tube was calculated according to Majumdar (2002) by the equation; 
Water consumptive use, cm:
Water consumptive use was calculated as soil moisture depletion (SMD) according to Hansen et al. (1979) .
Where: CU = Water consumptive use in the effective root zone, cm, Ө 2 = Gravimetric soil moisture percentage 48 hours after irrigation, Ө 1 = Gravimetric soil moisture percentage before irrigation, Dbi = soil bulk density (Mg m -3 ) for the given depth, D i = soil layer depth (20 cm), i = number of soil layers each (15 cm) depth and
Crop-water relations:
Water productivity WP kg m -3 : Water productivity is generally defined as crop yield per cubic metre of water consumption. It was calculated according to (Ali et al., 2007) Env. Biodiv , Gy = yield kg/fed and Wa = Water applied (m 3 /fed.). (Irrigation water + effective rainfall) Note: effect rainfall = rianfall*0.7 (Novica, 1979) 
Consumptive use efficiency (Ecu%):
The consumptive use efficiency (Ecu) was calculated as described by Doornbos and Pruitt (1977) 
Statistical analysis:
All data were statistically analyzed according to the technique of analysis of variance (ANOVA) as published by Gomez and Gomez (1984) . Means of the treatment were compared by the least significant difference (LSD) at 5% level and 1 % level of significance which developed by Waller and Duncan (1979) .
Results and Discussion
Irrigation applied water and water productivities.
Irrigation applied water Water delivered by the Egyptian clover (Berseem) consists of two items, irrigation water (I W) and rainfall (RF) (299.2 and 285 m 3 during the two growing seasons of 2016/17 and 2017/18 respectively).as shown in Table 4 . seasons with 15 days interval produced significant green fodder and seed yield.
Applied irrigation water for different treatments during both seasons presented given in Table 4 . Comparing with dry seeds (C 1 ) irrigation water applied was about 10.0-12.0% less than that in wet seeds (C 2 ) under the same irrigation applied regime. While, the irrigation treatment I 5 , applied water was less 11-17% compare with I 1 under the same cultivation methods.
Water consumptive use (cm)
Crop consumptive use (CU) was computed directly on the basis of water extracted by the growing plants (from the effective root zone) during the successive irrigation intervals plus that withdrawn from the last watering till harvesting. The actual soil moisture depleted considered as a direct method for determining crop water use "crop evapotranspiration, ETc".
Berseem water consumptive use as affected by cultivation methods and irrigation regimes which were tabulated in Table 4 The linear regression equations between applied irrigation water, cm overall cultivation methods on consumptive use, cm shown in Fig.  1 , these equations showed that, the relationship between applied irrigation water and consumed water by plants, cm is more reliable in the two seasons.
Consumptive use efficiency (Ecu), %
Consumptive use efficiency (Ecu) is a parameter which indicates the capability of plants to utilize the soil moisture stored in the effective root zone. Presented values of Ecu in Table 4 showed that the highest mean values 89.58 and 88.40% were obtained under wet cultivation method (C 2 ) in the first and second seasons respectively. For irrigation regime treatment data revealed that the highest Ecu values were noticed under irrigation treatments (I 1 ) with values 90.57 and 90.25% in the first and second seasons respectively, for wet cultivation methods (C 2 ), the same trend for dry seeds cultivation methods. Therefore, by decreasing the applied water, higher amount of irrigation water could be beneficially used by the growing plants which resulted in decreasing water losses. PIW, . Productivity of irrigation water PIW was computed to evaluate the treatments for maximum ) (Table  5) . So, under this study in both seasons it could be noticed that productivity of irrigation water is might be affected by; irrigation regime, cultivation methods. This result is in agreement with (Bandyopadhyay and Mallick, 2003) they found that productivity of irrigation water increased when irrigation intervals increased. Data in the same table illustrated that; the interaction among both of cultivation methods and irrigation regime have a significant effect on productivity of irrigation water.
Productivity of irrigation water
For cultivation methods, cubic metre of irrigation water under C 1 produced 18.83 and 20.60 kg in first and second growing seasons, respectively. Otherwise, cubic meter of irrigation water under C 2 produced 17.55 and 19.77 kg in Water productivity (WP, ). Data in Table 5 revealed that the values of WP, were significantly affected by cultivation methods and irrigation water regime, the highest values of WP resulted from I 2 compared to other treatments with other cultivation methods treatments as mean of the two growing seasons, this may be due to the higher fresh yield with low applied irrigation water compared to the other treatments, While the lowest values of WP resulted from I3 overall cultivation methods treatments.
Significant effect also for cultivation methods, Hence, cubic metre of irrigation water under C 1 (dry seeds) produced 24.14 and 23.16 kg in first and second growing seasons, respectively, while for wet seeds produced 21.62 and 20.42 kg in first and second growing seasons, respectively. Table 5 showed that; irrigation regime-cultivation methods interactions significantly affect water productivity in the second season only. This result is in agreement with Kassab et al. (2012) they revealed that under dry berseem cultivation, the highest mean WP (16.51 kg m -3 ) was noticed irrigation water with 80% calculated based on Ibrahim equation. Also Abdolrahman Barzegar et Env. Biodiv. Soil Security Vol. 2 (2018) al., 2016 illustrated Water use efficiencies are 0.32 and 0.20 g l -1 for 100% and 60% field capacities, respectively.
Egyptian clover yield Fresh yield of Egyptian clover, ton fed -1
The highest values of fresh yield were obtained under I 1 C 2 with significant differences between them over both two growing seasons. Data in Table 6 cleared out that total fresh yield of berseem seemed to reduce under dry cultivation in 2016/2017 and 2017/2018 seasons and overall mean as well. The reduction in total fresh yield, due to dry cultivation, comprised mean 4% less than those recorded under wet cultivation, respectively, in 2016/2017 and 2017/2018 seasons.
Convenient irrigation (control) resulted in higher berseem fresh yield than those obtained as irrigation water quantities were applied based on other treatments and such findings were noticed in 2016/2017 and 2017/2018 seasons besides the overall mean. Data in Table 6 showed that irrigation treatments significantly affected on fresh yield. The highest mean values 47.31 and 49.34 ton fed -1 are obtained under traditional irrigation (the highest applied water) in the first and second seasons, respectively. While, the corresponding lowest values were recorded under I 4 (Hargreaves equation) with values 40.73 and 41.41 ton fed -1 in the first and second seasons, respectively for wet cultivation C 2 , the same trend for dry cultivation C 1 . Decreasing watering level from traditional method I 1 by implementing Hargreaves equation I 4 instated that trend it irrigation a decreasing of ≈ 6.64 ton fed -1 fresh yield and mean water saving of ≈ 8.17% (≈ 190 .68 m 3 fed -1 .,) could be resulted for dry cultivation method, but for wet cultivation method irrigation a decreasing of ≈ 7.5 ton fed -1 fresh yield and mean water saving of ≈ 11.12% (≈ 290.22 m 3 fed -1 .,). The results are in the same fine with by El-Bably (2002) , indicated that three irrigation events between cuttings significantly increased total cuttings of Egyptian clover fresh yields, also; Kassab et al. (2012) reported that traditional or convenient irrigation resulted higher Berseem fresh yield with this obtained under 100,80 and 60% from Ibrahim eqution.
The linear regression equations between irrigation applied water, cm and cultivation methods on Berseem fresh yield, ton fed -1 are shown in Fig. 2 . These equations showed that, the relationship between applied irrigation water quantities and fresh yield, ton fed -1 is more reliable 
Dry yield of Egyptian clover
For dry yield of Egyptian clover, the three cuttings were considered as the total yield. Data presented in Table 7 revealed that increasing irrigation water treatment caused significant effect on weight of dry yield in the two seasons. second seasons respectively which yielded from the irrigation water applied of I 4 .
The results obtained from this study showed that when Berseem crop is given its full water requirement, 577.7 and 546.4 mm of water is required for dry cultivation and 634.5 and 600.0mm is required for wet cultivation in first and second seasons respectively, but a figure of 494.0 and 450.0 mm is required for dry cultivation and 568.5 and 533.3mm is required for wet cultivation when deficit irrigation resulted in saving water of ≈ 19.10 % (≈ 442.8 m 3 fed -1 .,) for dry cultivation and ≈ 7.00% (≈ 181.45 m 3 fed -1 .,) for wet cultivation of the crop water requirement is applied in the two seasons with a reduction in dry yield (≈4.95% and 5.64%) for dry and wet cultivation compared with the local or traditional irrigation. These findings are in agreement with those of Lazaridou, Martha and Koutroubas (2004) , at Drama, Macedonia, Greece, indicated that stated that water stress resulted in a reduction of the above ground dry biomass to one third of irrigated berseem clover plants, Kassab et al., (2012) stated that total dry yield of berseem clover tended to reduce under both dry and semi -dry cultivation methods in the two seasons and overall mean as well and also illustrated that reduction in total dry yield due to dry and semi -dry cultivation methods, comprised 7.63 and 2.08% and 4.56 and 2.68% lesser than those recorded under wet cultivation method, respectively, in two seasons. Also Abdolrahman Barzegar et al., 2016 illustrated that the highest (0.47 g pot -1 ) and lowest (0.33 g pot -1 ) total dry masses were observed at 80% and 60% field capacities. The linear regression equations between irrigation water applied, cm and cultivation methods on berseem clover dry yield, kg fed -1 are shown in Fig. 3 , is reliable in the two seasons.
Conclusion
Although the traditional (full irrigation method, till 5 cm above soil surface) offers considerable advantage for fresh and dry yield to Egyptian clover crop under the arid climate conditions, I 5 (till 2.5 cm above soil surface) saved about ≈ 14.50% (336.0 m 3 fed 1 ) for dry method and ≈ 10.75%( 280.0 m 3 fed 1 )for wet method of IW with the highest WP values for yield to berseem clover. Investigation should focus on this issue and evaluates the efficiency of the irrigation water regime and cultivation methods for berseem production.
